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A.BSTRAC'r 
The near-a~eotrope blend HCFC-22/HFC-152a/HCFC-124 has been 
proposed as an alternative to CFc-12 in household refrigeration. Most 
of the work done on this blend has been concentrated on the thermo-
dynamic properties and the energy efficiency compared with CFC-12 in 
domestic refrigerators. This paper is a study of the reliability for 
small hermetic compressors using this blend. Results concerning wear 
, and chemical stability obtained !rom accelerated lifetime testing of 
compressors will be presented. Likewise the compatibility of the blend 
with normal used materials in small hermetic compressors will be 
given. It will be demonstrated-that HFC-152a is considerable less 
stable than CFC-12 and HFC-134a. A possible decomposition·reaction 
will be put forward. 
1 INTRODUCTION 
Many substitutes have been discussed as potential candidates to 
replace CFC-12 in household refrigeration. Presently the leading 
candidate is without .. discussion HFC-134a. This is due to the fact that 
HFC-l34a fulfills all requirements, that are of importance in domestic 
refrigeration: 
* energy efficiency /1,2/, 
* thermal and chemical stability 
* non flammability 
* compatible with presently used materials, except oil 
* excellent compressor reliability in combination with 
polyolasters./3/ 
However the problem of retrofitting existent CFC-12 refrigerators 
has not yet been solved. EVen thoQgh an elaborate and costly procedure 
/4/ using HFC-l34a and polyolesters has been proposed, no common 
agreement in the industry has been obtained. Some statements regarding 
the compatibility of polyolesters with chlorinated compounds have been 
put forward. One paper /5/states without documentation that polyol-
esters are coapatible with the chlorinated solvent residues found in 
hermetic compressors. In .. /4/ a le~el of less than 200 ppm of chlorine 
is necessary to ensure the reliability; whereas in /6/ a maximum of 1\ 
residue of CFC-12 is allowed. 
The chlorine problem could be avoided if a drop in refrigerant 
for retrofitting is available. Ternary blends of HCFC-22/HFC-152a/ 
HCFC-124 have been put forward by a refrigerant manufacturer. In 
Europe it is the general opinion that there will be sufficient 
recycled CFC-12 for retrofitting, and the. interest in a "drop-in" has 
totally vanished. In other areas /7/ the ternary blend is still 
believed to have a role as a "drop-in". 
Up till now most work on the ternary' blends has concentrated on 
energy performance in the system /8-10/. The expected lifetime of 
compressors running has not been evaluated, even though compressor 
lifetimes less than 15 years are considered unacceptable. 
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The present work does not claim to giv
e the ultimate answer about 
the reliability with the ternary blend
, the goal was more moderate: to 
check that no insurmountable obstacles
 are present. 
2 TEST METHODS 
The ternary blend used in this paper w
as provided by Dupont . 
International, Geneve, the composition
 was stated to be 52% HCFC-22( 
1St HFC-152a/ 33% HCFC-124. 
2.1 Compressor Lifetime Tests 
Two different types of small hermetic 
compressors were used, see 
table 1. The compressors were placed i
n test rigs, where the winding 
temperature, discharge pressure and su
ction pressure can be 
controlled. During the run it was pos
sible to take out gas samples for 
analysis. The compressors were normal 
standard CFC-12 machines, the 
oil used was alkylbenzene of the appr
opriate viscosity,-see table 1. 
The test conditions· are given in table
 2. The compressors and the oi 1 
were dried according to normal standar
d procedure. After the test the 
compressors were disassembled and anal
yzed. 
TABLE 1 
Compressors-and Oils used in Life Tim
e Tests 
Com~ressor TLSF 
(em ) 5,08 
-2s ·c;ss "c;n 'c 
capacity (Watt) 82 
COP(Watt/Watt) 0,84 
Oil type Honoalkyl-
benzene 
Viscosity 
(eST) 
40'C 15,2 
lOO"C 3,0 
TAN (mgKOH/g) <0,05 
Miscibility 
lOt Oil <"c) -55 
_NL7F 
7,3 
134 
0,92 
Dialkyl-
benzene 
·-
30,1 
4,3 
<0,03 
-45 
. We have used the_test method outl
ined here for many years, 
~ncluding the evaluat~on of HFC-134a c
ompressors /3/ of similar 
design. It is thus possible to compare
 the test results obtained here 
with results for HFC-134a, CFC-12 and 
HCFC-22. 
Six compressors of each type were sta
rted. As desiccant a 
molecular sieve type XH6 was used beca
use the recommended XH9 /11/- was 
not available in Europe. When we got a
 sample of XH9, we repeated the 
test with this material. A test series
 without any desiccant was also 
conducted. 
TABLE 2 
Accelerated compressor Test Condition
s 
Discharge pressure: 
Suction pressure : 
Winding Temperature· 
On/ off : 
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21,6 Bar 
2,6 Bar 
150"C 
27 min/ 3 min 
2.2 Aytoclaye Tests with HFC-152a 
Items of brass in an autoclave were exposed to a mixture Of 
monoalkylbenzene and 1,1-diflouroethane (HFC-152~) at ~50 c. 
Material analysis of the brass confirmed the spec~ficat~on: 
copper (Cu) in the range of 57-59%, lead (Pb) in ~he rang':' of ~,5-3,5% 
and 39% zinc ( Zn) • Trace elements of iron (Fe) , n~ckel _-( N_~) , tJ.n ( Sn l , 
aluminium (All and silicon (Sil were all below 0,5\. 
Procedure: - , . 
The brass items was placed in the autoclave, and an amount of 
alkylbenzene was added to cover the items. The autoclave was firmly 
closed, a vacuum applied, and afterwards filled with HFC-152a to 
obtain a pressure of 1 KPa at 150'C. The autoclave was then placed in 
an oven. At different time intervals a sample ot the gas phase was 
analyzed· by gas chromatography. 
2.3 Gas chromatography 
The gas chromatograph 
and with a cryogenic option allows the use 
of a subambient temperature programming procedure, but if separation 
of uncondensable gasses .is of no interest, the chromatografic run can 
be started at so"c. A loop injection was used with hydrogen as a 
carrier gas, a 25 m Poraplot Q column with an internal diameter of 
0,320 mm and the following temperature-time table programming: initial 
temperature at -7s'c held for 2 min. followed by a raise in 
temperature by 25'c;min. until the temperature reached 5o'c. 
Immediately afterwards the rate was lowered to s'c/min until 75'c was 
recorded. At this point the rate·was reset to 25'c;min. At 200'c the 
temperature was held constant for 10 min •. giving us a total of 
analysis time of 27 min. The components was detected by a Flame 
ionization detector (FID) held at 20o'c, while the injector 
temperature was held at 10o'c. · 
Identification of the components in the gas mixture ~as performed by 
hyphenating the gaschromatograph to a Fourier transforming infrared 
spectrometer (Nicolet 5 SXC) and further confirmed by GCfKS. 
:l RESULTS 
3.1 Life time Tests 
Attar 2000 hours and 4000 hours three compressors of each type were 
stopped and analy2ed, The results for the 5 cm3 compressor are 
summari2ed in table 3, which includes results for CFC-12,HCFC-22 and 
HFC-l:l4a for comparison. For the 7 cm3 compressor similar results not 
depicted here were found. No dependence on the presence of desiccant 
or type of desiccant was found. 
The wear with the blend is sligqtly better than in the case of 
HCFC-22. The oils were unadditivated, but the usage of an antiwear 
additive might improve the results for the blend, 
An unacceptable high amount of sludge was found on most of the 
valves. The variation in the appearances of the valves was bigger than 
normally found with other refrigerants, ranging from acceptable to 
unacceptable. The reason for this variation is not obvious, but might 
be related to the chemical reaction described in 4.1. 
Some copper plating was found, but not on a level which can harm 
the functioning of the compressor. As seen in table 4 the properties 
of the oil have not changed significantly during the test. 
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TABLE 3 
Lifetime Results 5om3 Compre
ssor 
oils .. Alkylbenzene 15cSt: 
Polyolester 14 est: 
Run time(h) 2000 
Refrigerant Blend 
Wear 2-3 
cu-plating 1-2 
Valve-
Deposits 2-3 
4000 
Blend, HCFC-22, CFC-12 
HFC-134a 
2000 2000 
Blel'ld CFC-12 HFC-134a 
3 1 0-1 
1-2 0-1 0 
3 1-2 0 
2000 
HCFC-22 
0 
0-l 
0 = ~lew 1-2 acceptable 
3-4 not acceptable 
TABLE 4 
Oil Analysis after Life Test
 
(2000/ 4000 hours) 
viscosity 
TAN (mgKOH/gf 
Fe (ppm) 
cu (ppm) 
3.2 Gas chromatographic hn
a~ 
no change 
.<0.03 
< 2,5 
< 1,0 
We observed high consistency
 in the chromatograms from th
e different 
lifetime tests. In table 5 th
e different products in the 
gas mixturi 
are listed ranked accordil'lg 
to increasing retention time
s. For each 
component the relative peak 
area is used to give an indi
cation as to 
the amount of ·the decay prod
ucts. 
TABLE 5 
Gas chromatographic results 
Run Time 2000 
2000 1200 4000 4000 1632 
Refrig. Blend Bl
end Blend Blend Blend HFC-1
52a 
Mol SL XH6A 
none XH9A XH6A XH6A none 
Displac. 
·(cmJ) 5 5 
5 5 7 
Ret.Time Compound ---------
-~--Relative Peak Area -----------
(min) · 
.4,55 ? <0,01 
.. <0,01 .. .. <0,01 
8,11 ? <0,01 * 0,09 <0,0
1 <0,01 
8,18 ? 0,04 <0,0
1 .. .. .. * 
8,81 ? 0,01 <0
,01 0,02 * •· <0,01 
8,91 <0,01 <0,0
1 <0,01 * .. • 
9,64 CH2=CHF 0,81 0,04 
2,45 '1, 08 0,3 0,25 
9,91 ? <0,01 <0
,01 <0,01 <0,01 .. .. 
10,18 ? * 
.. .. * .. * 
11,51 ? 
.. 0,33 • .. .. • 
15,25 CHJCHO " * • 
0,27 0,59 0,07 
16,70 Butane 0,51 0,
43 0,52 0,46 0,36 1,8 
16,7-20,3 ? 0,17 0
,57 0,09 <0,01 <0,01 0,16 
20,30 ? 0,05 
0,25 0,11 • * 0,03 
21,32- 2-Butenal 0,11 0,
03- 0,03 0,09 0,09 o,JJ 
21,40 ? 0,02 <0,
01 <0,01 .. .. .. 
• = not detected ? not yet identified 
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There are several unidentified peaks. in 'the chromatograms, so our 
efforts were concentrated on identifying those with the higher area 
percentage. The major decay products are o~served in all the sample~ 
from the lifetime test with the ternary blend• Those are vinylfluor~de 
(fluoroethene), acetaldehyde (et~anal). The peak at 16,70 min. has so 
far not been exactly identified, but we think that it is butane and 
iso butane, Also we identified the peak at 21,30 min.-to 
crotonaldehyde (2-butenal), whereby we with the exception of the peak 
at 20,30 min. have identified all the major peaks, that appear in the 
·chromatograms. 
Determination of the amount of acetaldehyde is at times difficult due 
to low separation between this peak and the peak from HCFC-124. For 
the same reason the existence of the acetaldehyde is at-times 
overshadowed by the large signal from HCFC-124. It is possible to · 
improve the chromatographic separation by exploiting the possibility 
of spectrometric separation of two co-eluting peaks. By this way the 
existence of acetaldehyde is confirmed. So far we have done no work to 
identify the peaks with an.area percentage less than 0,01. In the life 
time tests we found quite high concentrations (1\ after 2000 hours) of 
co, see fig 1 and 2. The reason for this must certainly be studied 
further. 
3.3 Winding Wire 
It can be expected that the insulating materials in a CFC-12 
compressor motor can be used with the.blend as well. This was briefly 
checked by determining how much material the blend can extract from an 
magnet wire enamelled with an esterimide approved for CFC-12 as well 
as HCFC-22. As seen in table 6 there is no significant difference in 
the results for the blend and ather refrigerants. 
TABLE 6 
Enamelled Magnet Wire 
Autoclave Extraction and Blister Test 
72 hours -7o·c -· 
Refrigerant (W/W t) _Blister(lso·c) 
HFC-134a 0~04 0 
CFC-12 0,10 0 
HCFC-22 0,20 o~1 
Blend 0,10 0-1 
0 no blisters 1 = few and small blisters 
4 DISCUSSION 
4.1 Gas Reactions 
None of the components we have identified so far show resemblance to 
any products ever identified in our test series with HCFC-22. Further 
more the chromatograms of the samples from the exposition .in pure HFc-
152a showed almost precisely the same peak pattern. This led us to the 
conclusion, that the decay products observed in the blend used in the 
lifetime test, must originate from HFC-152a and neither from HCFC-22 
nor from HCFC~l24. 
It is_a known /12/, that vinylfluoride will be formed by dehydro-
fluorlnation of HFC-152a. The same authors also mention the formation 
of acetal~ehyde. What we have ra~d in this test-programme is, that 
th~ react1ons proceed resulting ~n formation of even higher molecular 
we1ght compounds. FUrther more these compounds have structures that 
make them precursors for a polymerization process. we are suggesting 
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the following cascade of reacti
ons to take place in systems w
ith HFc-
152a: 
(1): CHJCHF2 
(I) 
-----> CH2.,CHF + HF (I!) 
(2): CH2.,CHF + H20 ----> 
(II) 
CH2=CH(OH) 
(Ill) 
( 3): CH2=CH(OH) ---> CHJCHO 
(III) <--- (IV) 
( 4): 2 CHJCHO ----> CHJCH(OH)CH2CHO 
(IV) (V) 
( 5): CH3CH(OH)CH2CHO ----> C!IJCH=CHCHO 
(V) 
(Vl) 
+ H20 
In process (1) dehydrofluorinat
ion of the I!FC-152a leads to fo
rmation 
of vinylfluoride (II), which wh
en reacted with water is conver
ted to 
vinylalcohol (III). Ihe tautome
ric equilibrium (3) leads to for
mation 
of acetaldehyde. The aldol cond
ensation, reaction (4), leads to
 the 
formation of the meta stabile h
ydroxy aldehyde (V). In reactio
n (5) 
water molecules are reformed an
d once again react with vinylfl
uoride 
in reaction (2). As a consequen
ce there will be no decrease in
 water 
concentration due to these reac
tions, but reactions (2)-(5) w
ill 
continue as long as they are fe
d with vinylfluoride from react
ion (1). 
The 2-butenal also formed in re
action (5) is prone to polymer
ization 
processes. This process will be
 catalyzed by the existence of 
HF, that 
was for111ed in reaction (f) • , 
· 
Likewise K. Bier et al /12/ obs
erved another dimerization proc
ess 
involving 2 moles of vinylfluor
ide leading to the generation o
f 1,3-
difluoro-1-butene. Like 2-buten
al (V!) this alkene is prone to
 react 
in HF-catalyzed polymerization 
processes. 
4.2 consequences in HQYsehold R
efrigeration Systems 
CFC-12 reacts with refrigeratio
n oil under the formation of HC
FC-
22 and chlorinated oil, which t
hrough subsequent reactions ev
entually 
lead to coke /13/. This reactio
n sets an upper limit for the 
acceptable temperature level in
 a CFC-12 compressor. Above a c
ertain 
temperature the lifetime of the
 compressor will be unacceptabl
e low 
due to coking of the valves. At
 normal operation the temperatu
re in 
the compressor is kept safely b
elow a level where the reaction
 rate is 
insignificant /14/. 
The reaction outlined in sectio
n 4.1 does not involve the oil 
only the presence of water is n
ecessary" It is interesting to 
note 
that the reaction products are 
found even with a desiccant in 
function. This means that is im
possible to avoid the decomposin
g of 
HFC-152a by minimizing the wate
r level. The influence of the 
decomposition on a hermetic sys
tem depends on the reaction rat
e and on 
the nature of the formed end pr
Oducts. Important is also where
 these 
reaction products will be depos
ited, In our tests we have found
 much 
more sludge on some of the valv
es as is seen with CFC-12; How
ever it 
should be noted that the variat
ion of the systems is quite big
, a fact 
that we cannot explain at this 
moment and must be further anal
yzed. 
our experiments do not allow us
 to give a precise value of the
 
reaction rate for the decompos
ition of HFC-1S2a. In reference 
/12/ -it 
is stated that the reaction beg
ins at 160"c" We have found tha
t even 
at 150'C it is possible to dete
ct the decomposition, Though no
 exact 
quantitative analysis was done 
the decomposition products made
 up at 
least a few ' of the gas after 
68 days at 150'c. As explained in
 
section 4.1 it is expected that
 the reaction will proce_ed to f
on 
solid state materials due to po
l)'lllerization. It is theref'ore n
ot to be 
expected that a equilibrium con
centration is· built up, but mer
ely that 
steady state concentr_ations are
 present"· Thus a minimwa reactio
n rate 
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at 1so'c _is 104 /1632 ppm;hour or 0 1 6 ppmfhour •. For.cFC~12 (13) a • 
value of < 1 ppm/hour in the presence of steel lS g1ven, byt at 204 C 
I400F), - _ 
If HFC-152a is to be considered an alternative to CFC-12 the 
implications of this rather low stability on the reliability of 
hermetic systems must be studied in detaiL The. results obtained in 
the life time tests indicate that the maximum operating temperature in 
systems involving HFC-152a should be.10-l5'c les~ than for systems 
with CFC-12 if sludge on the valves 1s to be avo1ded. 
5 CONCLUSIONS: 
Compressor and autoclave tests with a ternary blend of 52% HCFC-
22/ 15% HFC-152a/ 33% HCFC-124 have demonstrated, that this blend is 
less stable than both CFC-12 and HFC-134a. 
From autoclave test it is evident that a break down of HFC-152a 
is detectable at 150'C. A chemical reaction for the decomposition of 
HFC-152a has been proposed and the predicted decomposition products 
have all been found in compressor life time tests with the blend. 
Compared with CFC-12 the lower stability of HFC-152a combined 
with an increase of the discharge temperatures of app. -5"c- 10"c /15/ 
might make a considerable redesign of the CFC-12 compressors necessary 
before HFC-152a can be used. It is to be expected that compressors 
with HFC-152a should operate at c~mpressor temperatures lower than 
present practice for CFC-12 . If this is the case HFC-152a compressors 
shall be bigger than CFC-12 compressors and use more materials. 
Before the consequences of the decomposition of HFC-152a have 
been fully examined, the blend clln only be recollllllended as a ddrop-in·" 
for CFC-12 compressors operating at- temperatures 10-ls'c below the 
maximum temperatures allowed by the compressor manufacturer. 
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